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As a matter of perspective, the development of agriculture is intimate-
ly linked with foods dried spontaneously in nature, especially the seeds of
various grains (11)° Spontaneously dried foods remain an important compo-
nent of the human dietary. In addition, the feeding of grain snd hay to meat
and dairy animals represents an indirect consumption by msn of naturally
dried products. At this point it is relevant to call attention to the fact
that there has been in recent years a marked expansion in facilities for dry-
ing grain artificially. 1In view of the probable extension of current har-
vesting practices, it is anticipated that facilities for drying grain artifi-
cially will continue to expand.

A more. confused plcture is presented by manfs dateless efforts to util-
ize dehydration for the preservation of those ccmponents of his food supply
which do not dry spontanecusly. Almost all foods can be preserved by drying,
generally without serious impairment of nutritional quality. A few dried
products such as raisins, dates, and figs have remained important items of
commerce for more than 2000 years. On the other hand, the historic proce=
dures for the dehydration of foods usually are associated with adverse changes
in texture, flavor, odor, or appearance., In many cases these changes are not
apparent or are regarded ﬁs minox defects in a freshly prepared product. How-

eVer; experience has demonstrated that adverse changes develop or become more
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intensegas:a function of both the time and the temperature of storage (19).
The_prbblem-éf deterioration during storage was brought into sharp focus as
a result of World War II and has ocqupied.a prominent position among the

multiform activities which have been directed to dehydrated foods since this

time.
As & result of recent development efforts, the way is now clear to pro-
duce 20 or more dehydrated products which compare favorably qudl ity-wise with

their frozen or canned counterparts, and which have been shown to retain

B
=

acceptable quality after prolonged storage. In great measure the development
of these satisfactory prototypes has been based on knowledge gained in the

laboratory. For example, studies on changes occumrng during drying and stor-

age indicated that dgterior&tion is frequently associated with the browning
(Maillard) reaction. In the case of many fruits and vegetables treatment
with 50, greatly reduced browning (19). With spray dried eggs deterioration
is reduced by the removal of glucose prior to processing. Commodities of many
different types exhibit a marked improvement in stebility at low residual mois-
ture levels. In cases in which the attainment of a low residual moisture is
achieved only at the risk of increased damage during processing, cbservations
have pointed to the feasibility of drying thinner slices or of using an in-
package desiccant. The emphasis on lower residual moisture and on milder pro-
cessing conditions has been reflected in the equipment used for dehydration.
Noteworthy in this rega;ém;s tpg deve10p@ent_of_continuous, high vacuum equip-
ment for the comQ;;;;al production of dry orange juice_and_dry_tgmatq“gol%dg _
(13) and the utilization of commercial freeze drying equipment for production
of freeze dehydrated meat, poultry and fish (8),

There is general concurrence asmong technologists in the vegetable field

that a thorough blanching is required to inactivate enzymes prior to dehydra-



- of dehydrated potatoes; which cen be reconstituted in approximately one mine
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itioh_(B)o Such a blanching can be modified to yield gquick cooking or pre-

- cooked items {(4). An outstanding example of precooking is seen im the case

ute to yield high guality maghed potatoes, ready to eat. - The review by Olson 5
and Harrington (15} describing the tremendous experimental effort which unl- |
timately led to the successful development of potato granules should be read

by both food scientists and management, Food scientists will recognize the

need for a diversified background in basic sciences. To management this re- _
view should serve as a case study in support of the conclusion that the path
to the desi.ed product is tortuous.

"Instent" mashed potatoes illustrate that dehydrated foods may have ad-

vantageous features independent of preservation. Other preccoked dehydrated
items such a$ sliced roasit beef, ground beef, chicken, fish, shrimp, beans,
rice, diced potatoes and a variety of soups have been developed. By com-
bining individual dehydrated items with appropriate seasoning, a variety of
combination dishes have been prepared such as chicken and rice, beef-potato
hash, shrimp crecle;, chili and beans, aund spaghetti and meat balls, These
dishes are ready for serving within 10 or 15 minutes after addition of hot
water, While many precooked foods have, as yet, not been prepared commercial-
ly in stable dehydrated form; it is well within the range of possibility that
80% or more of our common food items can become available as precooked dehydra-
ted products. Under such circumstances, refrigeration would be umnecessary,
hot and cold water would faplace cooking facilities and equipment; no special
skill would be required for meal preparation, actual working time would be only
a few minutes per item, amd, if disposable table service were used, home

kitchens would be superfluous. Outside of the home, precocked dehydrated focds

offer potential advantages for tourists, campers and the sver imcreasing pop-

- ulation of lunch-carrying workers. On the commercial scene, the potential
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variety and ease of preparation suggest application for planes, trains, canteensg,
vending machines, and quick-serve eating establishments; especially those serv-

ing a large choice of foods at off hours.

The above advantages have counterparts in military feeding in zones having
no refrigeration. In such zones in time of stress, camned goods have provided
the only source of perishsble products. ‘Experience has demonstirated that many
canned products, notably meéts, become quite unacceptable after several weeks
of continued use. By use of dehydrated foods, it is possible to bring into
non-refrigerated areas a greater variety of perishable foods with character-
istics more closely resembling fresh products. Moreover, use of dehydrated

foods will reduce welght by 50 = 60%, and flexible packaging will contribute

substantially to space economy. Also, unlike canned goods, dehydrated pro-
ducts require no precauntions against freezing. Dishes from precooked dehy-
drated foods can be prepared guickly, without specially trained food service
personnel, and without cocking equipment. While hot water would be required,
this can be heated faster and more efficiently than wet food.

Properties such as reduced weight and volume, speed of preparation, and
elimination of special personnel and equipment for preparation and serving are
especially advantageous from the standpoints of increased mobility and disper-
sion. Also, reduced weight is a major advantage if 3ir transort is to be em~
ployed. This advantage is gfeatly magnified if air drop is contemplated. In
recognition of these advantageous features, the Armed Services support an ac~
tive research and development proéram on dehydrated foods, and precooked, de-
hydrated meals.

Application of dehydration to achieve economy of weight and volume has
been practiced in our civilian canned food industry for many years, especlal-

1y with fluid products such as evaporated milk and tomato paste. These ad-
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vantages have been extended to the frozen food industry with products such
: as‘céncentrated frozen orange juice, More recently, in dehydrofrozén foods
(18), deh&dration combined with freezing is being extended to intact fruits
and vegetables. In this process a fresh product, such as peas, is subject-
ed to high velocity air dehydration for evaporation of the easily removable
portion of the moisture. In the case of peas, weight reduction amounts to
sbout 50%, The paftially dehydrated product is then frozen. A substantisl
part of the drying cost is recovered by the decreased capacity needed for
freezing, Also, contraction in volume permits economies in containers and
in storage and shipping space., Most significant economy, however, is e ffect-
ed in transportation cost. Using peas as an exsmple, 100 lbs., of fresh peas
after dehydrgfreazingarg:ﬁﬁpped as 51 lbs. The ssame smount of fresh frozen
peas would represent a shipping weight of 102 lbs., and after canning 156 1bs,
On a dollar basis, estimated costs for containers, storage, and transportation
from California to Chicago are $2.35 for dehydrofrozen, $4.70 for frozen, and
$5.60 for canned. Dehydrofreezing is obviously limited to products which can
be dehydrated readily and without damage to the food as ultimately consumed.
In the example at hand; during cooking, the peas take up water and return to
normal without noticeable deterioration. An analogous picture is presented by
dehydrocanning (17).

Up to this point speculation in regard to the future has represented an
extrapolation of current trends in product development. Another and somewhat
more imagina“ive insight into the future may be developed from more basic seg-
menté of current research which are intended to throw light on the nature of
food products, the principles governing their behavior, and the fundamental
aspects of their processing. Such studies are under the guidance of chemists,

'physicists,_physiologists, geneticists, psychologists, representatives of sev-
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eral branches of engineering, and a number of applied scientists.

.Few discussions in the field of food technology can omit recognition of

the impact of raw ﬁaterials on the behavior of the processed product. Exper-
ience has demonstrated that certain varieties of fruits and vegetables are
more suitable for canning than other varieties. It is probable that the sams
picture will be forthcoming with dehydrated products. If an observable pro-
perty contributes %o the sﬁperiority of a product; it should be possible for
a geneticist or a physiologist to enhance this property. Numerous reports %
have dealt with the relationship between the glycogen reserves in muscle at
the time of slaughter and the subsequent changes during storage; freezing, or

cooking. In view of the nature of the effects observed, it is probable that

differences would also arise during dehydration, storags or rehydration as a
result of the lactic acid developed from the glycogen. While the example at
hand involved animal tissue, the effect of tissue reserves may play an analo-
gous role in plants, Studies now in progress reveal that the state of the va-
cuole in leafy vegetables such as lettuce has a definite effect on behavior
during both dehydration and reconstitution.

The identification and duplication of natural flavor components are large~
ly in the hands of chemists. As pointed out at a recent symposium on food fla-
vors (14), substantial progress has already been made and active programs em-
bracing all classes of foods are currently underway. One of the most consis~
tent criticisms of dehydrated products during the last war involved lack of
flavor or presence of a straw-like flavor, While it mey be impractical to pre-
vent loss of flavor during dehydration, the possibility of restoring flaver is
well within the realm of future expectation.

Changes ascribed to oxidative processes play a conspicuous part in the de-

terioration of dehydrated foocds. Rancidity-type changes involving fat are re-
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gégﬁized as important flavor defgcts, BEvidence is accumulating which suggests
Zthat.fhe stale flavor developed by roast beef is also related to rancidity. As
"will be mentioned later, the devélopment of a tougher texture in certain pro-
ducts such as fish, is belie;ed to be related to oxidative processes, In view
of the research now underway on oxidative deterioration, there is little risk
in predicting that a practical control of oxidative changes in dehydrated food
will be forthcomingu Oxygen scavengers, either chemical or enzymic, together
with improved facilities for replacing air with inert gas are expected to af-
ford improved protection against changes induced by molecular oxygen during
storage. The need for protection against oxygen during processing, especially

at elevated temperature, is recognized in the case of several products,

Optimism surrounds the use of chemical additives to control oxidative
changes., In Eertain cases, reducing agents such as ascorbie acid can afford
some protection. Antioxidants of the types used in lard are effective in
cases in which cell masses are disintegrated to the extent that a thorough
distribution can be attained. In a somewhat similar vein, hope is seen for
control of oxidation by the use of sequestering agents or other compounds
which are presumed to interfere with the action of catalysts promoting oxi-
dation. As in the case of antioxidants, the efféctiveness of these compounds
depends upon distribution. The recent report concerning the effectiveness of
starch for preventing oxidation of caroitene in dehydrated carrots may stimul-
ate interest in still another area of antioxidant activity (12).

Texture is an elusivé property of food which undoubtedly embraces a wide
variety of connotations among different commodity specialists. We can look
forward to attempis to purify the concept of food texture and to characterize
it objectively. Whatever texture may be, it is an important property of

food. After reconstitution and preparation for consumption, dehydrated foods
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are often observed to be toughér then their non-dehydrated counterparis. Stor-

age frequently intensifies this defect. In the case of fish (2) this "tough-
ness" problem has been attacked at both the microstructure level by histolo-
gists and at the molecular level by protein chemists. Chenmical evidence sug=
gests the development of cross linkages within the protein molecule even un-
der the mildest conditions of dehydration. These changes, especially the
eross linking, alier the ﬁydration characteristics of the tissue; which in
turn modifies its response to chewing. It is not improbable that uptake of
oxygen such as has been reported for dry animal protein (8) may also contri-
bute to toughening during storage. Should this oxidative process be connect-
ed with.the development of cross—linkages through disulfide bonds, there is a
fair possibility of preventing or reducing a considerable part of the tough-
ness,

Porous products such as freeze dehydrated meat present still another
possibility for texture modification. By incorporating a suitable protec-
lytic enzyme in the water used for rehydration, opportunity is presented forxr
a uniform enzymic activity throughout the meat mass (20),

So-called bound water appears to occupy a key position with respect to
physical property such as texture on one hand, and to processing behavior
during dehydration or reconstitution on the other. The resistance of bound
water to evaporation is of special concern to engineers who are developing
processes and equipment for denydration. This is evident from the frequency
that various manifestations of bound water received attention at a confei-
ence dealiﬁg with the fundamental aspects of dehydration which was held in
March of this year under the sponsorship of the Food Section of the Societly
of Chemical Industry. While the collected papers of this conferencs are not

yet available, it ig evident from the news summary {(10) that bound water and

R
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moisture transfer during drying are the subjects of considerable research., For

- example, studies have been carried out on the rates of moisture migrétion in a

'homogeneoﬁs gel and in a system permeated by intercommnecting capillaries. Such

studies appear useful in analyzing the effect of case hardening on drying, A
number of reports dealt with the phases observed in drying commodities such as
wheat; fish and potatoes as characterized by rate curves. In the case of PO
tatoes, Gorling (5) has analyzed drying on the basis of capillary transfer and
diffusion of water vapor. Such data eveﬁtually will be translated by engine-
ers into drying systems of improved performance. The rels of engineering in the
future of food dehydration is of such a magnitude as to constitute a suitable
subject for another symposiuma

There can be no question but that much of the success of recent dehydra-
tion effort can be attributed to milder process conditions. As a result there
should be a movement in the direction of vacuum equipment. In air driers in-
creased velocities may prove advantageous. For certain products sensitive to
oxygen, it may be feasible to use an inert gas in a closed system. Notable
advances have been achieved with continuous systeme for the high vacuum flash
drying or puff drying of essentially structureless products such as milk and
julces, The possibility of extending such systems to process bite size pieces
of intact tissue such as meat; vegetables and fruits, appears hopeful. The
possibility of utilizing solvent systems for dehydration may prove feasible for
certain products. Recent successful applications of freeze drying to foeds,
notably meats, have focused attention on the broad application of this process
to fdod dehydration. This process combines low temperature with stability of
tissue structure, and lack of mobility of soluble components during processing.
It is virtually assured that this process will become more attractive as the

result of improved technology and increased experience.
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In considering the future of dehydrated foods, recognitien must be given
to the fact that drying can be, and often is, a relatively mild process. Lo=
tus seeds preser&ed only by natural'dehydration have been observed to germin-
ate after more than 3000 years (1), Egg white and bloed plasma can be spray
dried--a relatively violent process--without denaturation. Independent in-
vestigations (9) (16) bave shown that relatively little destruction of ATPase
occurs during freeze dryiﬁg, and that freeze dried muscle fibevrs have not
lost their centractility. |

The preceding comments on the future developments in dehydrated foods
have in great measure been drawn from an extrapolation of current research and
development. Military interest in food dehydration is based on preservation
in combination with other collateral advantages. OGCivilian interest in dehy-
drated foods reflects the above mentioned collateral advantages,

Attention may be called to a statement carried in the published account
(7) of a recent informal discussion meeting held at the Torry Research Station
in England on the subject of the future of dehydrated foed: "The cenclusions
drawn from this exchange of informatisn were that there was great interest in
the subject of the dehydration of food and configence in its future as an ex-

panding process inherently capable of standing alengside freezing and caning
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